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ABSTRACT 


A  discussion  of  wind  shear  in  the  jet 
stream  over  White  Sands  Missile  Range,  New 
Mexico  is  presented.  Wind  data  collected 
utilizing  the  GMD-1  svstem  are  used  to  cal¬ 
culate  vectorial  wind  shear.  The  maximum 
jet  wind  speed  could  not  be  significantly 
correlated  to  the  maximum  wind  shear  for 
any  particular  observation.  Mean  vecto¬ 
rial  wind  shear  and  standard  deviation  for 
each  thousand  feet  of  height  in  the  jet 
stream  are  included. 
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INTRODUCTION 


A  jet  stream  is  defined  by  Byers  [1]  as  a  concentrated  wind  current  of 
pronounced  magnitude  in  a  west-to-east  motion.  The  jet  stream  is  frequently 
observed  over  White  Sands  Missile  Range  (WSMR)  during  the  months  of  November 
through  March.  The  average  height  of  the  center  of  the  stream  is  approximately 
32,000  feet  above  WSMR  and  is  normally  10,000  feet  thick,  i.e.,  from  25,000  to 
35,000  feet  above  the  range. 

Large  balloons  ascending  through  the  jet  stream  in  the  troposphere  have 
burst  because  of  the  large  shearing  stress  encountered.  The  purpose  of  this 
study  is  to  determine  if  a  statistical  relationship  exists  between  the  maximum 
jet  wind  speed  and  the  expected  maximum  vectorial  wind  shear. 


THEORY 


The  change  in  a  vectorial  wind  field  along  a  given  line  in  space  is 
considered  a  wind  shear.  It  can  further  be  defined  as  the  change  in  wind 
velocity  with  respect  to  change  in  height  and  mathematically  noted  as: 


W  =  ^ 

^  3Z 

where  Wg  is  the  wind  shear,  is  horizontal  wind  velocity  and  Z  is  height. 

If  we  define  the  wind  vector  as  Vj ;  the  East-West  component  of  as 
and  the  North-South  component  of  Vj  as  Yj,  then: 

Xi  =  sin 

Y^  =  cos  0^ 


where  is  the  wind  direction  and  i  =  1,  2,  3,  ...  number  of  levels.  South 
and  West  components  are  negative.  The  coordinate  system  used  conforms  with 
meteorological  concepts  where  angles  are  generated  clockwise  from  the  positive 
Y  coordinate  which  is  zero  degrees  in  this  case.  (See  diagram,  page  2.) 

The  vectorial  wind  shear  (Wgi)  is  then  calculated  from: 

"si  =  |Wl  -  *  tVi  - 
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Derivation  of  this  equation  can  be  seen  in  the  following  diagram: 
2" 


If  only  wind  direction  and  wind  speed  are  available  rather  than  the 
wind  components  and  one  needs  only  the  total  vectorial  wind  shear,  the  law 
of  cosines  can  be  applied  such  that 

(Wsi)2  =  V?  +  V?.i  -  2ViVi-i  cos  ). 

ACCURACY 

Wind  shear  cannot  be  obtained  directly  by  present  techniques.  It  is 
usually  computed  from  wind  data  which,  in  turn,  are  computed  from  data  ob¬ 
tained  utilizing  various  instruments,  such  as  theodolites,  radar,  GMD-1, 
etc.  In  this  study,  the  GMD-1  was  utilized  to  obtain  wind  data.  Three 
basic  problems  inherent  in  calculating  wind  from  the  GMD-1  are  given  below. 

1.  Since  under  jet  stream  conditions  the  balloon  is  rapidly  carried 
away  from  the  ground  receiving  equipment,  the  angle  that  the  balloon  makes 
with  respect  to  the  GMD  and  the  ground  drops  below  12  degrees  in  a  short 
period  of  time. 

Below  this  angle,  the  signal  from  the  airt|orne  instrumentation  can  be 
reflected  from  roof  tops,  wires,  ground,  etc.,  and  the  GMD-1  transmits  an 
erroneous  elevation  and/or  azimuth  angle.  A  small  error  in  elevation  angle 
under  12  degrees  can  result  in  a  large  error  in  wind  velocity.* 


♦Terrain  characteristics  and  the  instrumentation  site  at  White  Sands 
Missile  Range  required  a  smoothing  technique  for  the  elevation  angle  when 
this  angle  was  below  12“.  The  smoothing  technique  consisted  of  taking  three 
elevation  angles  (angles  are  recorded  every  minute)  and  averaging,  i.e.,  if 
the  elevation  angle  for  the  fiftieth  minute  is  below  12®,  then  the  forty-ninth, 
fiftieth  and  fifty-first  minute  elevation  angles  are  averaged  and  the  averaged 
value  assigned  to  the  fiftieth  minute. 
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2.  The  present  computer  program  at  WSMR  is  designed  to  smooth  the  data 
when  the  elevation  angle  is  below  12  degrees.  This  means  that  significant 
variations  which  are  necessary  to  determine  accurate  shear  are  filtered  out. 

3.  The  technique  of  evaluating  wind  over  a  layer  tends  to  smooth  out 
significant  variations. 

Sidney  Lees  [2]  has  shown  that  a  high  order  of  "technical  excellence" 
is  required  to  measure  wind  shears  in  the  troposphere  since  the  upper  limit 
of  the  wind  shear  is  of  the  order  of  10-2  sec"l  (10  ft,  per  sec.  per  1000  ft.), 
Arnold  [3]  in  his  discussion  of  the  theory  of  wind-shear  measurements  considers 
the  assumptions  made  in  obtaining  wind  measurements  for  computing  wind  shear 
for  any  given  level.  In  particular,  he  points  out  the  error  involved  in  aver¬ 
aging  the  wind  over  a  layer,  assigning  this  value  to  the  mid-point  of  the  layer, 
and  then  subtracting  this  value  from  the  value  of  the  preceding  layer  to  compute 
wind  shear. 


DATA  ANALYSIS 


Rawinsonde  data  from  November  1961  through  March  1962  at  WSMR  yielded  80 
useable  observations  for  this  study.  The  terrain  at  the  observational  site 
is  relatively  flat,  with  mountains  located  approximately  12  miles  to  the  west 
of  the  site  averaging  8,000  feet  MSL  in  elevation. 

For  purposes  of  this  investigation,  it  was  assumed  that  GMD-1  wind 
measurements  were  sufficiently  accurate  to  compute  wind  shear  in  the  jet 
stream  even  though  limiting  angles*  had  been  encountered  and  that  a  jet 
stream  was  present  when  wind  speed  of  100  knots  or  greater  was  encountered 
in  the  troposphere. 

Two  methods  were  used  in  calculating  the  wind  shear.  First,  wind  shear 
for  each  thousand  feet  in  height  through  the  jet  stream  was  computed.  The 
lowest  level  considered  was  1000  feet  below  the  first  reported  100-knot  wind 
(reported  in  1000-foot  increments)  and  the  highest  level  was  1000  feet  above 
the  last  reported  100-knot  wind.  All  vector  wind  shears  were  considered 
positive  values,  since  a  negative  value  would  indicate  only  the  direction  of 
shear. 

The  second  method  consisted  of  grouping  the  observations  according  to 
maximum  jet  wind  speeds,  i.e.,  selecting  all  observations  that  had  a  maximum 
jet  wind  speed  from  100  to  109  knots,  110  to  119  knots,  etc.  The  maximum 
vector  wind  shear  was  calculated  for  each  observation  in  each  speed  group. 


♦Limiting  angles  are  defined  as  any  elevation  angle  below  12  degrees 
since  the  computer  programming  of  the  rawinsonde  uses  a  smoothing  technique 
to  compute  the  winds  below  this  angle. 
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RESULTS 


The  average  wind  shear  vectors  over  White  Sands  Missile  Range  as  shown 
in  Table  I  ranged  from  1.1  x  10“2  sec"^  (10.9  feet  per  second  per  1000  feet) 
to  2.0  X  10-2  sec'l.  The  layers  in  Table  I  correspond  to  1000-foot  intervals 
upward  through  the  jet  stream.  However,  since  the  jet  stream  height  varies 
from  day  to  day,  the  values  in  each  layer  cannot  be  assigned  to  any  specific 
height. 

Table  II  indicates  the  absolute  mean  of  the  maximum  wind  shear  vector 
that  can  be  expected  for  a  given  wind  speed  increment.  Note  that  the  mean 
of  the  maximum  vectorial  wind  shear  and  the  standard  deviation  increase  as 
the  maximum  wind  speed  increments  increase. 

There  were  four  cases  of  extreme  wind  shear  tabulated  from  the  80  obser¬ 
vations.  Vectorial  wind  shear  in  these  cases  ranged  from  79  to  129  feet  per 
second  per  1000  feet.  Reisig  [4]  in  his  study  of  wind  shear  over  WSMR  found 
four  cases  with  wind  shears  greater  than  131  feet  per  second  per  1000  feet 
and  seven  cases  with  shears  greater  than  50  feet  per  second  per  1000  feet  in 
a  period  of  one  year.  Some  of  the  extreme  cases  can  probably  be  attributed 
to  instrumental  error.  Instrumental  errors  [5,  6,  7]  for  wind  speed  are 
considered  to  have  a  standard  deviation  of  5.1  feet  sec“^  per  1000  feet  below 
50,000  feet,  increasing  with  height. 

Out  of  the  80  observations,  there  were  29  observations  where  the  maximum 
wind  shear  occurred  at  the  top  of  the  jet  stream  and  10  observations  at  the 
bottom  of  the  jet  stream.  In  18  additional  observations  the  maKimum  shear 
occurred  within  the  jet  stream  and  the  winds  were  decreasing  with  altitude. 
There  were  also  17  cases  where  the  winds  were  increasing  with  altitude.  Six 
observations  were  not  considered  since  the  thickness  of  the  jet  stream  was 
less  than  4000  feet. 

A  quartile  distribution  was  calculated  (Figure  1)  to  ascertain  symmetry 
of  the  data.  The  distribution  shows  that  the  data  were  almost  symmetric  for 
wind  speed  increments  up  to  129  knots.  From  130  to  149  knots  the  data  are 
skewed  to  the  right  while  for  150  to  159  knots  data  are  insufficient  for  a 
proper  evaluation.  From  the  graph,  one  can  assume  that  50  per  cent  of  the 
time  the  maximum  wind  shear  will  fall  between  16  and  27  feet  per  second  per 
1000  feet  for  maximum  jet  wind  speed  values  between  100  to  109  knots.  At 
the  higher  jet  wind  speed,  for  example  140  to  149  knots,  the  maximum  wind 
shear  would  be  between  30  to  46  feet  per  second  per  1000  feet  50  per  cent 
of  the  time. 

The  average  wind  shear  can  be  computed  as  a  function  of  maximum  wind 
increments  from  the  wind  profile  [8]  in  Figure  2.  Wind  shear  values  as 
calculated  from  these  curves  are  comparable  to  the  mean  shear  values  com¬ 
puted  for  WSMR.  If  the  mean  wind  shears  computed  from  the  three  curves 
are  compared  with  maximum  wind  shears  computed  locally  for  different  speed 
increments,  it  will  be  noted  that  the  maximum  wind  shears  for  WSMR  are  three 
times  as  strong  as  those  computed  from  the  curves.  For  example.  Curve  1 
indicates  that  for  a  maximum  wind  ranging  from  102  to  112  knots,  the  average 
wind  shear  is  approximately  8  feet  per  second  per  1000  feet  whereas  the 
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TABLE  I 


Absolute  Mean  and  Standard  Deviation  of  Vectorial  Wind  Shear  for 
each  1000  Feet  Upward  Through  the  Jet  Stream  at  White  Sands  Missile  Range. 
(N  =  Number  of  Samples.) 

Mean 


Layer 

N 

Sec-1 

Sigma 

2  Sigma 

1 

80 

.0182 

.0167 

.0334 

2 

80 

.0145 

.0088 

.0176 

3 

79 

.0139 

.0089 

.0178 

4 

72 

.0134 

.0142 

.0282 

5 

69 

.0120 

.0097 

.0194 

6 

64 

.0109 

.0094 

.0188 

7 

60 

.0129 

•  0088 

.0176 

8 

57 

.0138 

,0112 

.0224 

9 

51 

.0146 

.0095 

.0190 

10 

46 

.0167 

.0133 

.0266 

11 

44 

.0193 

.0147 

.0294 

12 

34 

.0208 

.0152 

.0304 

13 

26 

.0194 

.0126 

,0252 

14 

22 

.0202 

,0183 

.0366 

15 

20 

.0196 

.0130 

.0260 

16 

14 

.0153 

.0111 

.0222 

17 

11 

.0148 

.0084 

.0168 

18 

10 

.0141 

.0104 

.0208 

19 

9 

,0168 

.0125 

.0250 

20 

8 

,0196 

.0135 

.0270 

21 

8 

.0203 

.0129 

.0258 
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TABLE  II 


Maximum  Jet  Wind  Velocity  vs  Maximum  Shear  Vector 


Figures  in 

Parenthesis  are  the 

Number  of 

Observations 

Considered 

Absolute  Mean 

Avg.  Height 

Maximum  Wind 

of  Max,  Shear 

of  Max.  Shear 

(Knots) 

(Sec'l) 

Sigma 

2  Sigma 

(Ft.  MSL) 

100-109 

(9) 

.0217 

.0061 

.0122 

40,000 

110-119 

(13) 

.0231 

.0061 

.0122 

35,000 

120-129 

(16) 

.0291 

.0094 

.0188 

37,000 

130-139 

(14) 

.0323 

.0104 

.0208 

37,000 

140-149 

(8) 

.0371 

.0092 

.0184 

37,000 

150-159 

(11) 

.0380 

.0139 

.0278 

38,000 

160-169 

(3) 

,0353 

.0202 

40,000 

6 


7 


Profiles  shoving  average  vind 
(based  on  26l  observations  from 
Sissenvlne,  Mo^  19^)  in  Biddle 
latitudes  for  the  period  lov.  1952 
through  March  19^3*  Beference  point 
for  averaging  process  chosen  on  each 
sounding  at  the  level  of  the  strong¬ 
est  vind.  VoBbers  in  brackets  vere 
added  to  show  values  of  vind  shear 
in  feet  per  second  per  1000  feet 
near  the  peak  wind. 


Curve  1  - 
Curve  2  - 
Curve  3  - 

- L- 

100 


Strongest  wind 
Strongest  vind 
Strongest  vind 
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in  sounding  - 


102-112  knots 
113-135  knots 
over  135  knots 


- 1 - U 


300 


400 
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Pigure  2.  Average  Wind  Profile 


maximum  shear  as  computed  for  this  same  wind  increment  at  WSMR  was  21.7.  At 
the  stronger  wind  increments,  i.e.,  over  135  knots,  it  can  be  seen  from 
Curve  3  that  the  average  vertical  shear  is  approximately  10  feet  per  second 
per  1000  feet,  whereas  in  Table  II  the  mean  maximum  shear  for  this  wind  speed 
increment  is  more  than  30  feet  per  second  per  1000  feet. 

Vertical  wind  profiles  through  the  jet  stream  are  shown  in  Figure  3. 

Note  that  the  peak  winds  occur  between  30,000  and  40,000  feet  and  that  the 
maximum  vectorial  wind  shear  is  not  necessarily  at  the  maximum  wind  level. 
Also,  it  is  interesting  to  see  the  configuration  (Curve  1)  that  is  necessary 
to  yield  a  wind  shear  of  80  feet  per  second  per  1000  feet.  The  instability 
that  is  depicted  by  this  curve  would  tend  to  smooth  out  the  curve  and  approx¬ 
imate  Curve  4  in  a  short  period  of  time. 

Figure  4  prepared  by  Diamond,  et  al  [9]  reveals  the  maximum  wind  shears 
which  can  be  exceeded  one  per  cent  of  the  time  (99  per  cent  confidence  level); 
El  Paso's  profile  has  been  added.  Note  that  the  wind  shear  is  strongest  in 
the  first  1500  feet,  decreasing  to  2.0  x  lO"^  sec"^  and  remaining  relatively 
constant  up  to  100,000  feet.  The  curve  for  El  Paso,  Texas,  would  more  nearly 
represent  conditions  at  WSMR.  The  68,  90,  95,  and  99  per  cent  cumulative 
frequency  distributions  of  vector  wind  shear  at  El  Paso,  Texas,  (monthly)  are 
presented  in  Tables  III  through  XIV,  The  tables  were  extracted  from  the 
Climatology  Ringbook  published  by  the  U.  S.  Army  Ordnance  Missile  Command 
(AOMC) . 


CONCLUSIONS 


From  the  data  computed  at  WSMR,  it  is  apparent  that  the  maximum  jet  wind 
velocities  cannot  be  significantly  correlated  to  the  maximum  wind  shear  for 
any  particular  sounding.  As  can  be  seen  by  the  quartile  distribution,  maximum 
wind  shear  vector  for  a  given  wind  increment  is  quite  erratic  and  can  be  pre¬ 
dicted  only  in  general  terms  50  per  cent  of  the  time.  Means  and  standard 
deviations  at  1000-foot  intervals  point  out  the  constancy  of  wind  shear  vector 
as  a  vehicle  ascends  through  the  jet  stream. 
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These  curves  shov  a  coHperlsoa  of 
vlnd  profile  over  White  Sands  KLsslle 
laage  with  other  installations. 


Curve  1.  Vertical  Wind  profile  through 
a  Jet  stream  with  extreme  shear.  Sound* 
ing  taken  over  Vrlght-ftitterson  Air  Force 
Base,  16OOZ,  2  March  1953-  (Frost 
Slssenwlne,  Hov.  195^.) 


Curve  2.  Vertical  vlnd  profile  through 
the  center  of  a  typical  stonqr  Jet  stream. 
(From  lUlmer  and  lagler,  19^  Journal  of 
Meteorology,  p.  62.) 


Curve  3*  Average  vertical  wind  profile 
through  the  center  of  mean  winter  posi¬ 
tion  of  Jet  stream.  (From  Hess,  19**^8 
Journal  of  Meteorology,  p.  298.) 


Curve  1*-.  Vertical  wind  profile  through 
Jet  stream.  Sounding  taken  over  White 
Sands  Missile  Range,  Hew  Mexico,  6  Dec  6I, 
213OZ. 


Humber  in  bracket  is  wind  shear  value 
in  feet  per  second  per  1000  feet. 


Wind  Speed  (ft /sec) 
Figure  5»  Vertical  Wind  Profiles 
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Feet  Per  Second  Per  1000  Feet 


Figure  4.  Maximum  Vectorial  Wind  Shear 
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TABLE  III 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas,  Based 
on  Data  from  1951  through  1957  for  the  Month  of  January.  (N  =  Number  of 
Observations,  Units  =  Sec"l.) 

Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Shear 

Pet. 

Freq 

1.5 

•• 

2.0 

429 

.0116 

.0164 

.0195 

.0228 

.0260 

.23 

2.0 

- 

2.5 

424 

.0109 

.0160 

.0185 

.0240 

.0330 

.24 

2.5 

- 

3.0 

414 

.0100 

.0141 

.0161 

.0208 

.0222 

.24 

3.0 

- 

4.0 

390 

.0064 

,0092 

.0108 

.0153 

.0224 

.26 

4.0 

5.0 

355 

.0062 

.0103 

.0128 

.0160 

.0230 

.28 

5.0 

. 

6.0 

300 

,0065 

.0102 

.0118 

.0150 

.0209 

.33 

6.0 

- 

7.0 

234 

.0070 

.0107 

.0121 

.0190 

.0216 

.43 

7.0 

- 

8.0 

191 

,0070 

.0130 

.0161 

.0248 

.0265 

.52 

8.0 

- 

9.0 

160 

.0067 

.0122 

.0169 

.0260 

.0277 

.62 

9.0 

- 

10.0 

139 

.0070 

.0135 

.0199 

.0289 

.0305 

.72 

10.0 

- 

11.0 

123 

,0084 

.0150 

.0197 

.0232 

.0362 

.81 

11.0 

• 

12.0 

111 

.0119 

.0180 

.0210 

.0271 

.0327 

.90 

12.0 

- 

13.0 

103 

.0110 

.0191 

.0210 

.0272 

.0350 

.97 

13.0 

- 

14.0 

97 

.0110 

.0174 

.0262 

.0365 

.0365 

1.03 

14.0 

- 

15.0 

89 

.0097 

.0155 

.0169 

.0262 

.0262 

1.12 

15.0 

- 

16.0 

81 

.0100 

,0150 

.0190 

.0320 

.0320 

1.23 

16.0 

- 

17.0 

72 

,0090 

.0138 

,0170 

.0347 

.0347 

1.39 

17.0 

18.0 

64 

.00^8 

.0126 

.0145 

.0216 

,0216 

1.56 

18,0 

- 

19.0 

57 

,0098 

.0135 

,0150 

,0328 

.0328 

1.75 

19.0 

• 

20.0 

50 

,0070 

.0093 

,0138 

,0186 

.0186 

2.00 

20.0 

21.0 

49 

.0067 

.0100 

.0106 

.0120 

.0120 

2.04 

21.0 

- 

22.0 

44 

.0060 

.0088 

.0108 

.0140 

.0140 

2.27 

22.0 

- 

23.0 

33 

.0053 

,0070 

.0090 

.0100 

.0100 

3.03 

23.0 

- 

24.0 

30 

,0076 

.0099 

.0010 

.0116 

.0116 

3.33 

12 


aor 


TABLE  IV 


Frequency  Distribution  o£  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  February.  (N  =  Number  of 
Observations,  Units  =  Sec"l.) 

Cumulative  Percentage  Frequency 


Altitude 

Max. 

Pet. 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Shear 

Freq 

1.5 

• 

2.0 

39 1 

.0111 

.0151 

.0174 

.0210 

.0273 

.26 

2.0 

- 

2,5 

386 

.0107 

.0161 

.0192 

.0234 

.0280 

.26 

2.5 

- 

3.0 

379 

.0095 

.0156 

.0183 

.0274 

.0301 

.26 

3.0 

4,0 

355 

.0074 

.0110 

.0127 

.0166 

.0186 

.28 

4.0 

5.0 

318 

.0066 

.0101 

.0125 

.0157 

.0190 

.63 

5.0 

- 

6.0 

265 

.0070 

.0118 

.0149 

.0175 

.0215 

.38 

6.0 

- 

7.0 

219 

.0070 

.0114 

.0151 

.0174 

.0180 

.46 

7.0 

- 

8.0 

181 

.0073 

.0123 

.0148 

.0216 

.0225 

.55 

8.0 

- 

9.0 

152 

.0080 

.0145 

.0170 

.0238 

.0263 

.  66 

9.0 

- 

10.0 

139 

.0088 

.0151 

.0184 

.0230 

.0241 

.72 

10.0 

- 

11.0 

132 

.0101 

.0201 

.0230 

.0262 

.0273 

.76 

11.0 

12.0 

122 

.0104 

.0180 

.0221 

.0277 

.0439 

.82 

12.0 

13.0 

114 

.0101 

.0157 

.0194 

.0242 

.0263 

.88 

13.0 

• 

14.0 

103 

.0110 

.0169 

.0190 

.0255 

.0297 

.97 

14.0 

- 

15,0 

91 

.0110 

.0154 

.0194 

.0230 

.0230 

1.10 

15.0 

16.0 

80 

.0096 

.0132 

.0143 

.0190 

.0190 

1.25 

16.0 

- 

17.0 

70 

.0100 

.0174 

.0185 

.0219 

.0219 

1.43 

17.0 

- 

18.0 

59 

.0080 

.0113 

.0147 

.0280 

.0280 

1.69 

18.0 

19.0 

56 

.0084 

.0148 

.0202 

.0237 

.0237 

1.79 

19.0 

20.0 

50 

.0077 

.0112 

.0142 

.0166 

.0166 

2.00 

20.0 

- 

21.0 

43 

.0058 

.0108 

.0116 

.0250 

.0250 

2.33 

21.0 

OH 

22.0 

36 

.0069 

.0099 

.0151 

.0176 

.0124 

3.13 

22.0 

» 

23.0 

32 

.0052 

.0103 

.0109 

.0124 

.0124 

3.13 

13 


TABLE  V 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  March.  (N  =  Number  of  Ob¬ 
servations,  Units  =  Sec"i.) 

Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Shear 

Pet. 

Freq 

1.5 

2.0 

427 

.0107 

.0148 

.0166 

.0243 

.0304 

.23 

2.0 

- 

2.5 

424 

.0105 

.0156 

.0184 

.0233 

.0304 

.24 

2.5 

- 

3.0 

413 

.0100 

.0150 

.0185 

.0244 

.0284 

.24 

3,0 

4.0 

391 

.0080 

.0111 

.0138 

.0184 

.0214 

.26 

4,0 

5,0 

344 

.0072 

.0110 

.0130 

.0189 

.0198 

.29 

5.0 

-* 

6.0 

293 

.0069 

.0101 

.0126 

.0168 

.0194 

.34 

6,0 

- 

7.0 

238 

,0077 

.0132 

.0153 

,0194 

.0222 

.42 

7.0 

8.0 

204 

.0090 

.0138 

.0165 

.0246 

,0318 

.49 

8.0 

9.0 

171 

.0090 

.0150 

.0177 

.0260 

.0306 

.58 

9.0 

10.0 

144 

.0090 

.0160 

.0186 

.0257 

.0305 

.69 

10.0 

• 

11.0 

129 

.0110 

.0175 

.0192 

.0270 

.0328 

.78 

11.0 

12.0 

lio 

.0120 

.0203 

.0231 

.0277 

.0326 

.91 

12.0 

•• 

13.0 

104 

.0144 

.0210 

,0243 

.0283 

.0311 

.96 

13.0 

14.0 

86 

.0132 

.0215 

.0244 

.0300 

.0300 

1.16 

14.0 

- 

15.0 

78 

.0100 

.0151 

.0170 

.0286 

.0286 

1.28 

15.0 

16.0 

70 

.0125 

.0180 

.0210 

.0250 

.0250 

1.43 

16.0 

17.0 

64 

.0119 

.0155 

.0192 

.0290 

.0290 

1.56 

17.0 

18.0 

56 

.0090 

.0166 

.0215 

.0262 

.0262 

1.79 

18.0 

• 

19.0 

53 

,0110 

.0140 

.0154 

.0197 

.0197 

1.89 

19.0 

20.0 

48 

.0070 

.D147 

.0206 

.0226 

,0226 

2.08 

20.0 

• 

21.0 

42 

.0070 

.0093 

.0111 

.0120 

.0120 

2,76 

21.0 

22.0 

35 

.0062 

.0102 

.0167 

.0169 

.0169 

2.86 

22,0 

23,0 

31 

,0069 

.0108 

,0127 

.0196 

,0196 

3,23 

14 


TABLE  VI 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  From  1951  through  1957  for  the  Month  of  April.  (N  =  Number  of  Ob¬ 
servations,  Units  =  Sec"^.) 


Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Shear 

Pet, 

Freq 

1.5  - 

2.0 

416 

.0089 

.0131 

.0156 

.0199 

.0324 

.24 

2.0  - 

2.5 

410 

.0094 

.0146 

.0162 

.0223 

.0276 

.24 

2.5  - 

3.0 

407 

.0094 

,0149 

.0170 

.0241 

.0297 

.25 

3.0  - 

4.0 

395 

.0071 

.0101 

.0111 

.0161 

.0206 

.25 

4.0  - 

5.0 

367 

.0070 

.0110 

.0126 

.0156 

.0240 

.27 

5.0  - 

6.0 

307 

,0065 

.0100 

.0114 

.0150 

.0213 

,33 

6.0  - 

7.0 

263 

.0066 

.0104 

.0125 

.0200 

.0278 

.38 

7.0  - 

8.0 

216 

.0060 

.0103 

.0120 

.0197 

.0283 

.46 

8.0  - 

9.0 

190 

,0060 

.0111 

.0160 

.0203 

,0208 

.53 

9.0  - 

10.0 

161 

.0080 

,0137 

.0160 

.0247 

,0255 

.62 

10.0  - 

11.0 

140 

,0082 

.0144 

.0175 

.0219 

.0282 

.71 

11.0  - 

12.0 

125 

.0101 

.0170 

.0184 

.0276 

.0370 

.80 

12.0  - 

13.0 

108 

,0090 

,0160 

.0180 

.0249 

.0276 

,93 

13.0  - 

14.0 

101 

.0096 

.0145 

.0174 

.0190 

.0250 

.99 

14.0  - 

15.0 

90 

.0100 

.0150 

,0180 

.0310 

.0310 

1.11 

15.0  - 

16.0 

82 

.0101 

.0134 

.0187 

.0250 

.0250 

1.22 

16.0  - 

17.0 

77 

.0092 

.0162 

.0189 

.0293 

.0293 

1,30 

17.0  - 

18.0 

66 

.0084 

,0130 

.0175 

.0315 

.0315 

1,52 

18.0  - 

19.0 

62 

.0083 

.0133 

,0186 

,0260 

,0260 

1,61 

19.0  - 

20.0 

60 

.0071 

.0111 

.0157 

.0236 

.0236 

1.67 

20.0  - 

21.0 

56 

,0079 

,0125 

.0167 

.0274 

,0274 

1.79 

21.0  - 

22.0 

53 

.0058 

,0117 

,0132 

.0203 

,0203 

1.89 

22.0  - 

23.0 

46 

.0046 

.0079 

.0080 

.0118 

.0118 

2.17 

23.0  - 

24.0 

40 

.0050 

.0070 

.0077 

.0224 

.0224 

2.50 

24.0  - 

25.0 

31 

.0040 

.0075 

.0092 

.0135 

.0135 

3.23 

TABLE  VII 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  May.  (N  =  Number  of  Obser¬ 
vations,  Units  =  Sec"l.) 

Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Shear 

Pet, 

Freq 

1.5 

2.0 

429 

.0080 

.0133 

.0154 

.0200 

.0240 

.23 

2.0 

> 

2.5 

425 

.0081 

.0120 

.0148 

.0202 

.0259 

.24 

2.5 

3.0 

422 

.0083 

.0130 

.0153 

.0215 

.0291 

.24 

3.0 

4.0 

414 

.0067 

.0095 

.0111 

.0139 

.0156 

.24 

4.0 

• 

5.0 

386 

.0068 

,0096 

.0112 

.0166 

.0195 

.26 

5.0 

6.0 

356 

.0067 

.0100 

.0110 

.0137 

.0193 

.28 

6.0 

7.0 

314 

.0058 

.0088 

.0104 

.0166 

.0208 

.32 

7.0 

- 

8.0 

285 

.0060 

.0095 

.0115 

.0150 

.0218 

.35 

8.0 

9.0 

254 

.0060 

.0102 

.0131 

.0170 

.0195 

.39 

9.0 

• 

10.0 

232 

.0060 

.0107 

.0150 

.0192 

.0218 

.43 

10.0 

• 

11.0 

214 

.0070 

.0130 

.0160 

.0240 

.0265 

.47 

11.0 

• 

12.0 

188 

.0070 

.0124 

.0154 

.0192 

.0275 

.53 

12.0 

13.0 

171 

.0092 

.0140 

.0180 

.0244 

.0244 

.58 

13.0 

14.0 

160 

.0094 

.0141 

.0160 

.0190 

.0192 

.62 

14.0 

15.0 

148 

.0094 

.0163 

.0184 

.0279 

.0304 

.68 

15.0 

16.0 

139 

.0090 

.0130 

.0160 

.0205 

.0205 

.72 

16.0 

- 

17.0 

132 

.0090 

.0127 

.0165 

.0185 

.0233 

.76 

17.0 

• 

18.0 

129 

.0095 

.0154 

.0187 

.0241 

.0246 

.79 

18.0 

• 

19.0 

126 

.0075 

,0121 

.0142 

.0181 

.0255 

.83 

19.0 

20.0 

120 

.0064 

.0108 

.0118 

.0157 

.0177 

.85 

20.0 

21.0 

105 

.0058 

.0090 

.0110 

.0149 

.0164 

.95 

21.0 

- 

22.0 

100 

.0057 

.0093 

.0101 

.0149 

.0167 

1.00 

22.0 

- 

23.0 

91 

.0048 

.0071 

.0089 

.0140 

.0140 

1.10 

23.0 

24.0 

74 

.0050 

.0074 

.0085 

.0093 

.0093 

1.35 

24.0 

25.0 

55 

.0050 

.0070 

,0078 

.0168 

,0168 

1.82 

25.0 

- 

26.0 

31 

.0042 

.0072 

.0076 

.0080 

.0080 

3.23 

16 


TABLE  VIII 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  June,  (N  =  Number  of  Obser¬ 
vations,  Units  =  Sec“l.) 

Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Shear 

Pet, 

Freq 

1.5 

2.0 

419 

.0080 

.0111 

.0143 

.0183 

.0233 

.24 

2.0 

• 

2.5 

418 

.0070 

.0102 

.0127 

.0156 

.0280 

.24 

2.5 

3.0 

418 

,0073 

.0116 

.0140 

.0194 

.0242 

.24 

3.0 

• 

4.0 

416 

.0058 

.0090 

.0107 

.0139 

.0170 

.24 

4.0 

- 

5.0 

397 

.0060 

.0083 

.0098 

.0133 

.0150 

,25 

5.0 

6,0 

371 

.0057 

.0087 

.0100 

.0130 

.0166 

.27 

6.0 

. 

7.0 

339 

.0050 

,0080 

.0094 

.0122 

.0145 

.29 

7.0 

8.0 

302 

.0051 

.0076 

.0100 

.0129 

.0161 

.33 

8.0 

9.0 

282 

.0050 

.OO&O 

.0092 

.0135 

.0170 

.35 

9.0 

10.0 

267 

.0057 

.0090 

.0108 

.0148 

.0205 

.37 

10.0 

- 

11.0 

249 

.0060 

.0090 

.0109 

.0170 

.0198 

.40 

11,0 

- 

12.0 

240 

.0069 

.0109 

.0131 

.0170 

.0189 

.42 

12.0 

- 

13.0 

229 

.0074 

,0114 

.0140 

.0192 

.0214 

.44 

13.0 

14.0 

220 

.0083 

.0138 

.0164 

,0205 

.0225 

.45 

14.0 

- 

15.0 

209 

.0092 

,0137 

,0154 

,0220 

,0255 

.48 

15,0 

16,0 

206 

,0085 

.0128 

.0148 

.0219 

.0255 

.49 

16.0 

17,0 

197 

.0078 

,0130 

.0157 

,0215 

.0252 

.51 

17.0 

18.0 

189 

.0078 

.0130 

.0157 

.0260 

.0270 

,53 

18.0 

- 

19.0 

186 

.0067 

.0108 

.0130 

.0167 

.0187 

.54 

19.0 

- 

20.0 

181 

,0061 

,0095 

.0110 

.0134 

.0142 

.55 

20,0 

• 

21,0 

180 

.0059 

,0086 

.0104 

.0132 

.0140 

.56 

21.0 

- 

22.0 

174 

.0054 

.0082 

.0101 

.0148 

.0170 

,57 

22,0 

• 

23,0 

148 

.0050 

.0065 

.0074 

.0116 

.0120 

.68 

23.0 

24.0 

124 

.0051 

.0072 

,0081 

.0121 

.0127 

,81 

24.0 

- 

25.0 

95 

.0050 

,0070 

.0092 

.0134 

.0134 

1.05 

25,0 

26.0 

55 

.0065 

,0080 

.0086 

.0167 

,0167 

1,82 

17 


TABLE  IX 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  July.  (N  =  Number  of  Obser¬ 
vations,  Units  =  Sec*l.) 

Cumulative  Percentage  Frequency 

Altitude  Max.  Pet. 


Km 

(MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Shear 

Freq. 

1.5 

2.0 

432 

.0069 

.0101 

.0127 

.0183 

.0272 

.23 

2.0 

• 

2.5 

428 

.0059 

.0089 

.0114 

.0167 

.0214 

.23 

2.5 

•i 

3.0 

425 

.0062 

,0098 

.0111 

.0144 

.0216 

.24 

3.0 

- 

4.0 

419 

.0047 

.0069 

.0084 

.0108 

.0131 

.24 

4.0 

5.0 

400 

.0044 

.0069 

.0079 

.0107 

.0184 

.25 

5.0 

oa 

6.0 

373 

.0050 

.0071 

.0078 

.0111 

.0121 

.27 

6.0 

7,0 

346 

.0046 

.0070 

.0079 

.0101 

.0142 

.29 

7.0 

8.0 

325 

.0050 

.0075 

.0088 

.0107 

.0166 

.31 

8.0 

• 

9.0 

307 

.0044 

.0073 

.0084 

.0117 

.0125 

.33 

9.0 

10.0 

291 

.0047 

.0071 

.0Q83 

.0104 

.0148 

.34 

10.0 

11.0 

277 

.0053 

.0077 

.■0096 

.0121 

.0148 

.36 

11.0 

12.0 

270 

.0056 

.0080 

.0103 

.0140 

.0154 

,37 

12.0 

.. 

13.0 

263 

.0058 

.0096 

.0110 

.0144 

.0166 

.38 

13.0 

14.0 

256 

.0066 

.0100 

.0120 

.0171 

.0195 

.39 

14,0 

• 

15.0 

245 

.0069 

.0097 

.0125 

.0180 

.0224 

.41 

15.0 

.. 

16.0 

231 

,0069 

.0105 

.0121 

.0148 

.0163 

.43 

16.0 

17.0 

228 

.0070 

.0098 

.0121 

.0184 

.0202 

.44 

17.0 

18.0 

221 

.0060 

,0097 

.0115 

.0142 

.0225 

.45 

18.0 

19.0 

215 

.0059 

.0090 

,0100 

.0124 

.0149 

.47 

19.0 

• 

20.0 

212 

.0057 

.0080 

.0095 

.0112 

.0210 

.47 

20.0 

• 

21.0 

204 

.0058 

.0085 

.0107 

.0142 

.0249 

.49 

21.0 

• 

22.0 

192 

.0055 

.0074 

.0087 

.0124 

.0139 

.52 

22.0 

• 

23.0 

174 

.0060 

.0081 

.0097 

.0134 

.0155 

•  .57 

23.0 

24.0 

150 

.0060 

.0081 

.0097 

.0114 

.0163 

.67 

24.0 

.. 

25.0 

116 

.0050 

.0081 

.0100 

.0132 

.0133 

.86 

25.0 

• 

26.0 

78 

.0060 

.0090 

.0100 

.0130 

.0130 

1.28 

26.0 

- 

27.0 

39 

.0062 

.0098 

.0139 

.0140 

.0140 

2.56 

18 


TABLE  X 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  August.  (N  =  Number  of  Ob¬ 
servations,  Units  =  Sec"^.) 

Cumulative  Percentage  Frequency 


Altitude 

N 

68.0 

90.0 

95.0 

99.0 

Max. 

Pet. 

Km  (MSL) 

Shear 

Freq 

1.5 

- 

2.0 

432 

.0065 

.0100 

.0117 

.0180 

.0247 

.23 

2.0 

2.5 

432 

.0060 

.0092 

.0120 

.0148 

.0255 

.23 

2.5 

3.0 

430 

.0061 

.0092 

.0107 

.0135 

.0225 

.23 

3.0 

4.0 

423 

.0046 

.0064 

.0072 

.0093 

.0115 

.24 

4.0 

- 

5.0 

389 

.0040 

.0058 

.0067 

.0092 

.0111 

.26 

5.0 

6.0 

367 

.0042 

.0061 

.0076 

.0092 

.0102 

.27 

6.0 

ao 

7.0 

344 

.0039 

.0061 

.0070 

.0103 

.0130 

.29 

7.0 

8.0 

315 

,0043 

.0060 

.0074 

.0102 

.0122 

.32 

8.0 

• 

9.0 

295 

.0047 

.0066 

.0088 

.0112 

.0139 

.34 

9.0 

- 

10.0 

278 

.0050 

.0071 

.0086 

.0113 

.0124 

.36 

10.0 

- 

11.0 

273 

,0050 

.0075 

.0090 

.0125 

.0160 

.37 

11.0 

12.0 

267 

.0057 

.0084 

.0099 

.0121 

.0129 

.37 

12.0 

13.0 

263 

.0060 

.0090 

.0100 

.0130 

.0150 

.38 

13.0 

14.0 

262 

,0059 

.0090 

.0112 

.0150 

.0163 

.38 

14.0 

m 

15.0 

252 

.0069 

,0115 

.0130 

.0187 

.0234 

.40 

15.0 

16.0 

241 

.0066 

.0099 

.0112 

.0167 

.0210 

,41 

16.0 

17.0 

226 

.0067 

.0102 

.0120 

.0130 

.0163 

.44 

17.0 

-> 

18,0 

217 

,0059 

,0091 

.0102 

.0121 

.0175 

.46 

18.0 

- 

19,0 

214 

.0064 

.0089 

.0099 

.0130 

.0303 

.47 

19.0 

- 

20.0 

212 

.0060 

.0085 

.0095 

.0118 

.0123 

.47 

20.0 

21.0 

209 

.0054 

.0080 

.0099 

,0122 

.0141 

.48 

21.0 

- 

22.0 

191 

,0055 

.0080 

.0103 

.0168 

.0170 

.52 

22.0 

23.0 

178 

.0057 

,0080 

.0100 

.0157 

.0170 

.56 

23.0 

24.0 

148 

.0060 

.0090 

.0111 

.0147 

.0221 

.68 

24.0 

- 

25.0 

107 

,0055 

,0080 

.0088 

.0102 

.0106 

.93 

25.0 

- 

26,0 

67 

,0064 

.0091 

,0110 

.0140 

.0140 

1,49 

26.0 

27.0 

30 

,0060 

.0082 

.0097 

,0125 

.0125 

3.33 

19 


TABLE  XI 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  September.  (N  =  Number  of 
Observations,  Units  =  Sec"l.) 

Cumulative  Percentage  Frequency 


Altitude 

Max. 

Pet. 

Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Shear 

Freq 

1.5 

2.0 

418 

.0067 

.0109 

.0130 

.0168 

.0291 

.24 

2.0 

2.5 

217 

.0069 

.0102 

.0131 

.0162 

.0202 

.24 

2.5 

i.. 

3.0 

417 

.0067 

.0104 

.0123 

.0153 

.0213 

.24 

3.0 

• 

^.0 

413 

.0050 

.0078 

.0086 

.0110 

.0122 

.24 

4.0 

5 . 0 

394 

.0050 

.0070 

.0081 

.0118 

.0134 

.25 

5.0 

- 

6.0 

379 

.0050 

.0080 

.0092 

.0128 

.0149 

.26 

6.0 

•i 

7.0 

354 

.0050 

.0075 

.0088 

.0103 

.0148 

.28 

7.0 

- 

8.0 

332 

.0054 

.0085 

.0100 

.0129 

.0157 

.30 

8.0 

9.0 

310 

.0060 

.0091 

.0111 

.0156 

.0205 

.32 

9.0 

10.0 

287 

.0069 

.0110 

.0122 

.0160 

.0200 

.35 

10.0 

11.0 

270 

.0070 

.0104 

.0121 

.0195 

.0207 

.37 

11.0 

• 

12.0 

251 

.0065 

.0105 

.0121 

.0159 

.0176 

.40 

12.0 

- 

1:3.0 

238 

.0064 

.0110 

.0121 

.0179 

.0246 

.42 

13.0 

- 

14.0 

225 

.0070 

.0120 

.0137 

.0210 

.0320 

.44 

14.0 

• 

15.0 

211 

.0082 

.0127 

.0150 

.0188 

.0341 

.47 

15.0 

- 

16.0 

198 

.0080 

.0122 

.0140 

.0200 

.0210 

.51 

16.0 

- 

17.0 

188 

.0077 

.0121 

.0136 

.0203 

.0226 

.53 

17.0 

- 

18.0 

181 

.0071 

.0112 

.0130 

.0156 

.0192 

.55 

18.0 

• 

19.0 

174 

.0060 

.0095 

.0115 

.0195 

.0256 

.57 

19.0 

20.0 

170 

.0059 

.0090 

.0113 

.0177 

.0232 

.59 

20.0 

- 

21,0 

164 

.0061 

.0089 

.0110 

.0145 

.0163 

.61 

21.0 

> 

22.0 

154 

.0054 

.0080 

.0092 

.0135 

.0150 

.  65 

22.0 

- 

23.0 

133 

.0051 

.0080 

.0112 

.0133 

.0144 

.75 

23.0 

• 

24.0 

108 

.0050 

.0070 

.0074 

.0095 

.0101 

.93 

24.0 

- 

25.0 

75 

.0047 

.0067 

.0111 

.0140 

.0140 

1.33 

25.0 

- 

26.0 

45 

.0051 

.0089 

.0106 

.0120 

.0120 

2.22 

20 


TABLE  XII 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  October.  (N  =  Number  of  Ob¬ 
servations,  Units  =  Sec"^.) 

Cumulative  Percentage  Frequency 


Altitude 

Km  (MSL) 

N 

68.0 

90,0 

95.0 

99.0 

Max. 

Shear 

Pet, 

Freq 

1.5 

2.0 

432 

.0084 

.0127 

,0145 

.0200 

.0285 

.23 

2.0 

. 

2.5 

430 

.0080 

.0123 

.0140 

,0179 

.0255 

,23 

2.5 

- 

3.0 

427 

.0080 

.0121 

.0141 

.0203 

.0282 

.23 

3.0 

4.0 

419 

.0057 

.0086 

.0100 

.0130 

.0153 

.24 

4.0 

5.0 

406 

.0053 

.0081 

.0097 

.0135 

.0175 

.25 

5.0 

... 

6.0 

386 

.0050 

,0077 

.0096 

.0124 

.0159 

.26 

6.0 

- 

7.0 

365 

.0050 

.0080 

.0101 

.0156 

.0173 

.27 

7.0 

- 

8.0 

327 

.0054 

.0090 

,0107 

.0160 

,0210 

.31 

8.0 

- 

9.0 

288 

.0070 

.0109 

.0130 

.0210 

,0233 

.35 

9.0 

- 

10.0 

261 

.0073 

.0116 

.0130 

.0211 

.0333 

.38 

10.0 

11.0 

241 

.0073 

,0109 

.0142 

.0180 

.0205 

.41 

11.0 

12.0 

220 

.0084 

.0129 

.0151 

.0245 

,0295 

,45 

12.0 

13.0 

204 

.0077 

.0142 

.0158 

.0194 

,0220 

.49 

13.0 

14.0 

178 

.0080 

,0130 

,0168 

.0200 

.0217 

.56 

14.0 

- 

15.0 

159 

.0080 

,0130 

.0155 

.0207 

.0277 

.63 

15.0 

- 

16.0 

149 

.0090 

.0125 

.0135 

.0160 

.0186 

.67 

16.0 

- 

17.0 

139 

.0081 

.0124 

.0143 

.0205 

.0220 

.72 

17.0 

- 

18.0 

134 

.0072 

.0128 

.0156 

.0222 

,0260 

.75 

18.0 

- 

19.0 

131 

.0069 

.0110 

.0122 

.0167 

,0200 

,76 

19.0 

20.0 

126 

,0058 

,0088 

.0105 

.0120 

.0148 

.79 

20.0 

- 

21.0 

123 

.0064 

.0090 

.0102 

.0142 

,0228 

,81 

21.0 

- 

22.0 

114 

,0055 

.0080 

.0088 

.0118 

,0120 

.88 

22.0 

- 

23.0 

95 

.0054 

,0079 

.0092 

.0142 

.0142 

1.05 

23.0 

• 

24.0 

69 

.0047 

,0072 

.0094 

.0136 

.0136 

1.45 

24.0 

- 

25.0 

47 

.0051 

.0075 

.0090 

.0093 

.0093 

2,13 

21 


TABLE  XIII 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  November.  (N  =  Number  of 
Observations,  Units  =  Sec"^.) 


Cumulative  Percentage  Frequency 


Altitude 


Max.  Pet. 


Km  (MSL) 

N 

68.0 

90.0 

95.0 

99.0 

Shear 

Freq 

1.5  - 

2.0 

413 

.0110 

.0165 

.0195 

.0253 

.0260 

.23 

2.0  - 

2.5 

413 

.0100 

.0147 

.0180 

.0256 

.0320 

.24 

2.5  - 

3.0 

406 

.0087 

.0137 

.0167 

.0242 

.0337 

.25 

3.0  - 

4.0 

392 

.0062 

.0105 

.0119 

.0165 

.0200 

.26 

4.0  - 

5.0 

370 

.0060 

.0099 

.0125 

.0159 

.0178 

.27 

5.0  - 

6.0 

333 

.0060 

.0100 

.0123 

.0171 

.0200 

.30 

6.0  - 

7.0 

291 

.0070 

.0109 

.0143 

.0205 

.0278 

.34 

7.0  - 

8.0 

264 

.0070 

.0114 

.0137 

.0225 

.0263 

.38 

8.0  - 

9.0 

229 

.0070 

.0126 

.0166 

.0207 

.0282 

.44 

9.0  - 

10.0 

197 

.0084 

.0130 

.0160 

.0220 

.0370 

.51 

10.0  - 

11.0 

176 

.0090 

.0159 

.0215 

.0298 

.0320 

.57 

11.0  - 

12.0 

154 

.0096 

.0162 

.0180 

.0210 

.0230 

.65 

12.0  - 

13.0 

142 

.0093 

.0165 

.0198 

.0254 

.0295 

.70 

13.0  - 

14.0 

129 

.0103 

.0173 

.0181 

.0226 

.0252 

.78 

14.0  - 

15.0 

121 

.0096 

.0144 

.0179 

.0224 

.0241 

.83 

15.0  - 

16.0 

111 

.0090 

.0140 

.0164 

.0205 

.0264 

.90 

16.0  - 

17.0 

105 

.0090 

.0130 

.0142 

.0225 

.0264 

.95 

17.0  - 

18.0 

104 

.0084 

.0128 

.0150 

.0195 

.0196 

.96 

18.0  - 

19.0 

99 

.0073 

.0112 

.0136 

.0157 

.0157 

1.01 

19.0  - 

20.0 

97 

.0061 

.0090 

.0112 

.0144 

.0144 

1.03 

20.0  - 

21.0 

93  . 

.0059 

.0081 

.0111 

.0137 

.0137 

1.08 

21.0  - 

22.0 

86 

.0057 

.0086 

.0096 

.0137 

.0137 

1.16 

22.0  - 

23.0 

79 

.0057 

.0084 

.0100 

.0117 

.0117 

1.27 

23.0  - 

24.0 

55 

.0051 

.0086 

.0118 

.0120 

.0120 

3.64 

24.0  - 

25.0 

36 

.0070 

.0097 

.0132 

.0169 

,0169 

2.78 

22 


TABLE  XIV 


Frequency  Distribution  of  Vectorial  Wind  Shear  at  El  Paso,  Texas  Based 
on  Data  from  1951  through  1957  for  the  Month  of  December.  (N  =  Number  of 
Observations,  Units  =  Sec"l.) 


Altitude 

Km  (MSL) 

N 

Cumulative  Percentage  Frequency 

68.0  90.0  95.0 

99.0 

Max. 

Shear 

Pet. 

Freq 

1.5 

2.0 

431 

.0115 

.0166 

.0184 

.0260 

.0330 

.23 

2.0 

2.5 

427 

,0101 

.0160 

.0179 

.0255 

.0320 

.23 

2.5 

3.0 

420 

.0088 

.0141 

.0175 

.0220 

.0288 

.24 

3.0 

4.0 

402 

.0051 

.0108 

.0123 

.0175 

.0200 

.25 

4.0 

- 

5.0 

374 

.0065 

.0094 

.0113 

.0157 

.0237 

.27 

5.0 

- 

6.0 

335 

.0067 

.0104 

.0135 

.0163 

.0220 

.30 

6.0 

7.0 

296 

.0065 

.0100 

.0131 

.0153 

.0176 

.34 

7.0 

- 

8.0 

253 

.0078 

.0123 

.014; 

.0201 

.0220 

.40 

8.0 

- 

9.0 

212 

.0078 

,0131 

.0168 

.0217 

.0269 

.47 

9,0 

- 

10.0 

185 

.0082 

.0130 

.0169 

.0203 

.0223 

.54 

10.0 

<- 

11.0 

173 

.0100 

.0147 

.0173 

.0291 

.0319 

.58 

11.0 

- 

12.0 

158 

.0094 

.0177 

.0200 

.0289 

.0303 

.63 

12.0 

13.0 

145 

.0097 

.0168 

.0196 

.0246 

.0291 

.69 

13.0 

14.0 

134 

.0103 

.0159 

.0196 

.0238 

,0335 

.75 

14.0 

15.0 

128 

.0100 

.0150 

.0170 

.0230 

.0285 

.78 

15.0 

- 

16.0 

123 

.0090 

.0134 

.0148 

.0199 

.0248 

.81 

16.0 

m 

17.0 

114 

.0090 

.0135 

.0155 

.0210 

.0230 

.88 

17.0 

- 

18.0 

104 

.0085 

.0134 

.0150 

.0253 

.0284 

.96 

18.0 

19.0 

99 

,0090 

.0120 

,0163 

.0263 

.0263 

1.01 

19.0 

_ 

20.0 

95 

,0074 

.0120 

.0169 

.0205 

.0205 

1.05 

20.0 

* 

21.0 

85 

,0069 

,0115 

.0127 

.0206 

.0206 

1.18 

21.0 

- 

22.0 

77 

.0069 

,0110 

.0137 

.0184 

.0184 

1.30 

22.0 

- 

23,0 

66 

.0064 

.0086 

.0094 

.0266 

.0266 

1.52 

23.0 

24.0 

54 

.0079 

,0122 

.0075 

.0214 

.0214 

1.85 

24.0 

- 

25.0 

36 

.0064 

.0107 

.0132 

.0160 

.0160 

2.78 
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